INTRODUCTION
NKB that belongs to the tachykinin family of peptides is a neurohormone related with endocrinological regulations of vertebrate reproduction. Tachykinin peptides were named after their ability to induce rapid contraction of gut tissue, and they act as a neurotransmitter and/or neuromodulator (Pernow, 1983; Maggio, 1988; Krause et al., 1989 ). There are three major tachykinin peptides, substance P (SP), neurokinin A (NKA) and NKB (Severini et al., 2002; Ebner et al., 2009 ).
These peptides are derived by posttranslational proteolytic processing of preprotachykinins (PPTs) (Carter and Krause, 1990) . PPT A encoded by tachykinin 1 (tac1) gene is processed into SP and NKA while PPT B encoded by tac3 (Tac2 in rodents) is processed into NKB (Kotani et al., 1986; Krause et al., 1987) . Recently, NKB has been suggested to be a potential key player in the mechanism of gonadotropin releasing hormone (GnRH) release in mammals. Supportingly, Topaloglu et al. (2009) demonstrated that a functional mutation of NKB or its cognate receptor, NK3R, in mammals resulted in the hypogonadotropic hypogonadism.
Vertebrates including fish have developed a sophisticated neuroendocrine system that controls reproductive activities responding to the changes of external environments such as photoperiod, temperature, nutrition, etc. These changes initiate the onset of puberty and lead to gonadal development by regulating the secretion of GnRH from hypothalamus. However, the underlying mechanism which regulates the release of GnRH in hypothalamus has not been clearly understood. Through studies conducted for last two decades, arcuate nucleus (ARC) in mammalian hypothalamus was identified as a pivotal factor for the control of reproductive axis. In the ARC, NKB system showed a co-expression with kisspeptin, dynorphin, NK3R and estrogen receptor α (ERα) and had a steroid sensitivity in diverse mammalian species (for a review see Rance et al., 2010) . Particularly, these neurons in ARC were connected to the terminal of GnRH neuron in median eminence of hypothalamus in mouse, suggesting an anatomical frame that could account for how this neuron regulates the pulsatile release of GnRH via steroid feedback (for a review see Rance et al., 2010) .
Contrast to the progress made in the study of NKB system in various mammals, most of functional studies on fish NKB are limited to a model species. Results from these studies suggest that NKB system and its function in fish could differ from mammalian system. For example, unlike mammals, in zebrafish, there are two NKB genes (tac3a and tac3b) and three NK3R genes (tac3ra, tac3rb and tac3rc) (Biran et al., 2012; Ogawa et al., 2012; Zhou et al., 2012) . Besides, piscine tac3 genes code for two tachykinin peptides, NKB and an additional peptide, NKBRP (Biran et al., 2012; Ogawa et al., 2012; Zhou et al., 2012) . In mature female zebrafish, treatment with NKB or NKBRP caused an increase of LH level in plasma (Biran et al., 2012) , implying that the function of NKBRP as well as NKB is related to the control of reproduction in fish. Kisspeptins are also known to be associated with reproduction via the action of GnRH in mammals and fish (Navarro et al., 2011; Park et al., 2012) . However, neurons expressing tachykinin genes (tac1, tac3a and tac3b) in zebrafish brain did not express Kiss genes which code for kisspeptins (Ogawa et al., 2012) , suggesting that NKB might act independently from kisspeptin in zebrafish. However, whether the findings obtained from zebrafish are applicable to other teleosts, particularly to aquaculture species, is not clear at the moment.
Nile tilapia (Oreochromis niloticus) was chosen as experimental animals in this study. This species is one of the major aquaculture species and being bred globally including South Korea. Since they are easy to breed in captivity and have strong disease tolerance, this fish has been widely used as a model species for the studies of low vertebrates.
The objective of this study is to investigate the role of NKB and NKBRP in the control of HPG axis in this aquaculture species. In this study, Nile tilapia tac3 gene was identified and characterized. Based on this tac3 gene sequence, NKB and NKBRP peptides were synthetized and administered to pituitary cells or whole fish. Responses to these NKB and NKBRP peptides were studied by analyzing expressions of GTH subunit genes in the pituitary cells or expressions of GnRH I, Kiss2, tac3 and GTH subunits genes with the plasma levels of sex steroid hormones (E2 and 11-KT) in mature females.
METHODS AND MATERIALS

Animals and peptide synthesis
Experimental fish were produced from wild type Nile tilapia (O. niloticus) obtained from Chungju, Chungcheongbukdo in Korea. They were reared in a closed recirculating aquaculture system at 27±1°C under a controlled photoperiod (14L:10D) and fed twice a day.
Nile tilapia NKB, EMDDIFIGLM-NH2 (MW, 1183.4) and NKBRP, YNDLDYDSFVGLM-NH2 (MW, 1551.6) were synthesized and carboxyl terminus was amidated using custom peptide synthesis service and purified by HPLC to >95% purity (Peptron, Korea). 
In vivo injection
To figure out the effect of NKB and NKBRP peptides on the brain-pituitary-gonad axis, 6-8 of mature female Nile tilapia (BW 60.18±10.97 g, GSI 4.48±1.37%) were anaesthetized with benzocaine (50 ppm) and their blood curve-fit standard curve (R 2 >0.99) which were generated by SOFTmax Pro 4.0 software (Molecular Devices).
Reproductive stage of fish used in this study was examined by a routine histological method. Paraffin-embedded ovarian tissues were sectioned at 6-7 μm and stained with hematoxylin and eosin. The slides were observed under a light microscope. The images were captured by a camera (Leica 300FX) and analyzed by a software (Leica Microsystems GmbH, Germany). The stage of oocyte development was classified according to criteria given by Coward & Bromage (1998) . 121 bp β-actin R 5'-AGC ACA GCC TGG ATG GCA AC-3' using independent t-test (p<0.05) compared with that in negative control group. Analyses were performed using SPSS version 18.0.
RESULTS
Identification of tilapia tac3 gene
Nile tilapia tac3 gene contains 372 bp open reading frame (ORF) which encodes a PPT B of 123 aa (Fig. 1) . (Fig. 1) . The former is NKBRP, which is also termed as NKF (Biran et al., 2012; 2014) , and the latter is NKB. These NKB-like sequences contain a common Cterminal sequence, -Phe-Ile/Val-Gly-Leu-Met, and a cleavage and amidation signal, -Gly-Arg-Arg (Fig. 1) Fig. 2 . It showed that the NKB and NKBRP regions of PPT B are highly homologous to other teleost species, and NKBRP found in fish including Nile tilapia does not exist in mammalian PPT B (Fig. 2 ).
In vitro effect of NKB and NKBRP at the pituitary level
The expression levels of both FSHβ and LHβ were not changed by NKB treatment at 0.1 μM and 10 μM (Fig. 3A,   C ). On the other hand, NKBRP treatment significantly down regulated the expression level of FSHβ at 0.01 and 1 μM and those of LHβ at 0.01, 0.1 and 1 μM (Fig. 3B, D) .
In vivo effect of NKB and NKBRP in female reproduction
In the brain, GnRH I, Kiss2 and tac3 genes were investigated using qRT-PCR at 6 hours after ip injection of NKB, NKBRP or LHRH at 20 pmol/g BW or PBS. GnRH I and tac3 mRNA expression levels were significantly decreased only in NKBRP injection group compared to those of PBS injection group (Fig. 4A, C) . The amount of Kiss2 transcripts was decreased in both LHRH and NKBRP injection groups (Fig. 4B) . A significant increase of LHβ expression was only shown in the LHRH injection group, while both NKB and NKBRP injection showed no significant effect on the amount of LHβ and FSHβ transcripts in mature female pituitary (Fig. 4D, E) . After the injection, there were no significant differences in E2 and 11-KT plasma levels (data not shown). Gonadal reproductive stages of fish used in this study were in the stage of maturation and germinal vesicle migration. Phe-X-Gly-Leu-Met-NH2 (Marksteiner et al., 1992) . Their start codon is placed in the same position but the tac3 gene identified in the present study has longer ORF of 372 bp 
Fig. 4. Expression levels of GnRH I (A), Kiss2 (B) and tac3 (C) mRNAs in the brains and FSHβ (D) and LHβ (E) mRNAs in the pituitaries of Nile tilapia injected either with LHRH, NKB, NKBRP or PBS.
Relative abundance of the mRNAs in the brains was normalized to the amount of GAPDH and β-actin and in the pituitaries was normalized to the amount of GAPDH by the comparative threshold cycle method using qRT-PCR. Results are means ± SEM (n=6-8). * indicates significant difference from PBS group (P<0.05).
encoding 123 aa identical to a predicted sequence in GenBank (mRNA, XM_005478084.2; protein, XP_005478141.
2) known to be located on linkage group 20. Sequence analysis revealed that Nile tilapia tac3 gene consists of seven exons, and NKBRP and NKB encoding regions are located in the 3 rd and 5 th exon, respectively. In zebrafish, there are two tac3 genes, tac3a and tac3b, and each gene also consists of seven exons and encodes both NKBRP and NKB (Biran et al., 2012; Ogawa et al., 2012; Zhou et al., 2012) . However, Nile tilapia tac3b form gene could not be found in this study. The multiple alignment of tac3 protein sequences showed that mammalian tac3 amino acid sequences contain a single NKB peptide (Fig. 2) , implying that NKBRP peptide sequence probably disappeared during evolution in this lineage (Page et al., 2009 ). 
In vitro
In vivo effect of NKB and NKBRP in female reproduction
Pulsatile GnRH release has a crucial role in the activation of hypothalamus-pituitary-gonadal (HPG) axis (Wildt et al., 1980) .
However, the cause of GnRH release remains unclear.
Recently, NKB is being considered as a new candidate for a GnRH pulse generator in hypothalamus of mammalian species. The functional mutation of NKB/NK3R also caused hypogonadotropic hypogonadism (Topaloglu et al., 2009) Lehman et al., 2010) . However, such co-expression of tac3 gene with Kiss genes was not observed in zebrafish (Ogawa et al., 2012) , which implied an existence of a different mechanism to regulate pulsatile GnRH release in fish.
In NKBRP treated group in this study, the expression levels of GnRH I and Kiss2 mRNA in the brain were significantly decreased. Among three GnRHs, only GnRH I located in the preoptic area of hypothalamus in Nile tilapia implying its significance in reproduction of Nile tilapia (Parhar et al., 1996; Gothilf et al., 1996; Carolsfeld et al., 2000) . The fact that the treatment with NKBRP decreased the expression of Kiss2 gene suggests a possible interaction between NKBRP and Kiss2 in this species, although there was no co-localization of Kiss genes with tachykinin genes in the brain of zebrafish (Ogawa et al., 2012) . The principal pituitary gonadotropins, FSH and LH, consist of two glycoproteins, a common α subunit and a unique β subunit that confers biological specificity (Goodwin et al., 1983 and Godine et al., 1982) . In LHRH treated group, the positive control, LHβ transcript level was significantly higher than that of control group. In vivo injection of NKB or NKBRP, however, had no effect on the expressions of sex-specific or species-specific differences in the action of NKB and NKBRP in fish.
